Abstract: The bacterial flora of the Oberea linearis (Coleoptera: Cerambycidae) was investigated and 13 different bacteria were isolated from O. linearis larvae. Seven of these bacteria were performed and characterized at species level and the rest of them were characterized at genus level. In this study, we determined morphological and physiological characteristics of the bacterial isolates by conventional and routine techniques, biochemical properties and metabolic enzyme profiles by API20E and Phoenix 1000A panel test systems. Additionally, 16S rRNA gene sequence analysis was also performed to identify the isolates at the molecular level. The isolates were identified as Acinetobacter calcoaceticus (Ol1), Enterobacter aerogenes (Ol2), Pseudomonas sp. Ol10), Enterobacter cancerogenus (Ol11), Xanthomonas maltophilia (Ol12), and Serratia marcescens (Ol13). This is the first record of bacterial isolates (Ol5, Ol8, Ol11, Ol12) from any insect. All these bacteria were tested against O. linearis larvae, and Serratia marcescens was found to cause the highest mortality (65%). On the other hand, we determined 90% mortality against this pest within four days by utilizing spore and crystal mixture of Bacillus thuringiensis isolated from Melolontha melolontha.
Introduction
Oberea linearis (Coleoptera: Cerambycidae) is a pest of hazelnut (Milenkovic & Mitrovic 2001) and rarely damage alder, jugland, hornbeam, poplar, elm and ash trees in the Black Sea Region of Turkey (Anonymous 1995) . Adults appear in May-June and lay eggs only under the bark of the one year old twigs of the host trees. Larvae first digs a circular gallery, vertical to the wood fibres, the gallery can reach a length of 40-60 cm. The digging of the circular gallery in hazelnut is accompanied by the drying up of the branch and its splitting.
Recently, a sudden increase in the population of the O. linearis L. (Col. Cerambycidae) has been recorded in different countries (Anonymous 1995; Milenkovic & Mitrovic 2001) . Due to the biological specificity of this pest, mechanical control in the form of pruning out and burning infested shoots was used in Serbia (Milenkovic & Mitrovic 2001) . Carbaryl 85% (solution), carbaryl 85% (powder), dioxacarb 50%, methiocarb 2% (solution) and methiocarb 50% (powder) are major pesticides utilized for the control of this pest in Turkey. Because of hazardous effects in the environment, these chemicals are no longer recommended for agricultural pest management. Fortunately, bacterial pathogens of insect pest do not harm environment. They are generally considered to be less toxic to the environment and can be integrated more easily into pest management systems that are based on biological control (Sezen et al. 2005) . This is one of the most important factors encouraging the use of bacterial pathogens as control agents.
In the last few years, several pathogenic bacterial species have been isolated, developed as pesticides and used successfully in biological control of insect worldwide (Thiery & Frachon 1997; Sezen & Demirbag 1999; Sezen et al. 2001; Demir et al. 2002) . Increasing interest in the development of environmentally safe pest control methods has inspired us to search for potential microbial agents for the control of O. linearis. Since this pest live in seedlings galleria, suppression of pest organisms by their natural enemies is recognized as one of the most suitable long-term pest management strategies for many production systems. This is the first study about the isolation and characterization of the bacteria of Oberea linearis and for the determination of the insecticidal potential of these isolates. Isolation and purification of bacterial isolates After macroscopic examination, living larvae which show general disease symptoms and dead larvae were distinguished. Fifteen larvae were surface sterilized with 70% alcohol (Poinar & Thomas 1978) . The insect bodies were homogenized in nutrient broth using a glass tissue grinder. After preparing the larval extract for bacterial isolation, suspensions were diluted to 10 −8 (Case & Johnson 1992) and 0.05 mL spread on nutrient agar (Thiery & Frachon 1997) . Plates were incubated at 30
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• C for 2-3 days. Isolates were determined based on colour and morphology of the colonies. Pure cultures of bacterial colonies were prepared, and these cultures were identified by their morphology, spore formation, nutritional features, physiological, biochemical and molecular characteristics.
Identification of bacterial isolates based on conventional tests Morphological, physiological and biochemical features of bacterial isolates have been determined according to Bergey's Manual of Systematic Bacteriology, volumes 1 and 2 (Krieg & Holt 1986; Sneath et al. 1986 ).
API20E panel test system
This test was performed according to the procedure suggested by Alsina & Blanch (1994) , with some modifications. Bacterial colonies of each isolate were diluted in 0.85% NaCl solution. The amount of bacteria was adjusted to 1 × 10 15−16 CFU/mL. Two hundreds µL of this solution were transferred into each well of API20E panel. To prevent any contact with air, wells were filled up with mineral oil. Then the panels were incubated for 18-24 hours at 30
• C. The results of the tests were performed by computer based on "IdBact v. 1.1, G. Kronvall, with Matrix for API20E from bioMerieux, Lyon, France". Some of the isolates were incubated more than 24 hours because of their limited growth capacities.
Phoenix 1000A panel test system For determination of some properties of bacterial isolates with Phoenix Automated Microbiology System (BD Diagnostic Systems, Sparks, MD), isolates were inoculated to blood-agar for overnight. This system contains 45 different tests (16 fluorogen, 8 carbon-source, 14 carbonhydrat, 5 chromogen, 2 classic). Pure colonies on the blood agar were selected and transferred into individual tubes of Phoenix nutrient broth medium as 1 × 10 7−8 CFU/mL. These bacterial colonies and nutrient broth mixture were poured into the starting well of the panels. The panels were tilted vertically and slowly to realize accessing of mixture to all panel wells. They were put into Phoenix 1000A device and results were determined at 2.5 and 18 hours. The results of the tests were performed with integrated software combined with the "BD EpiCenter TM ".
Sequence analysis of 16S rRNA genes of bacterial isolates
Genomic DNA was extracted using standard phenol/chloroform procedures (Sambrook et al. 1989) . DNA pellets were dissolved in 10 µL TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and stored at 4
• C until use. PCR amplification of 16S rRNA genes of bacterial isolates was performed with the following universal primers (William et al. 1991): forward: UNI16S-L; 5'-ATTCTAGAGTTTGATCATGGCTCA-3'; reverse: UNI16S-R; 5'-ATGGTACCGTGTGACGGGCGGTGTGTA-3'.
PCR conditions were adjusted according to William et al. (1991) . Amplified 16S rRNA gene fragments were excised from the gel and directly cloned into pGEM-T Easy cloning vector (Promega). Ligation mixture was transformed into E. coli JM 101 strain.
After amplification, plasmid DNA samples of each isolates were digested by restriction enzymes and sequenced. The sequences obtained were used to perform BLAST searches (Altschul et al. 1990 ) using the NCBI GenBank database. Comparison of approximately 1,400 bp fragments of 16S rRNA gene sequences of each isolates with other 16S rRNA sequences in the NCBI GenBank database (Altschul et al. 1997) were performed.
Bioassay
Healthy O. linearis larvae were used for the insecticidal tests of bacterial isolates. In the infection tests, bacterial isolates of O. linearis (Ol1-Ol13), Bacillus thuringiensis (Mm2: isolated from Melolontha melolontha, Col., Scarabidae) and crystal-spore preparations of this B. thuringiensis isolated in our previous studies (Sezen et al. 2005) were used.
Bacterial isolates were incubated in nutrient broth medium at 30
• C for 18 h. After incubation, five mL of each culture were centrifuged at 3,000 rpm for 10 min. The pellet was re-suspended in 5 mL of sterilized PBS. The density was adjusted to 1.89 at OD600 (Moar et al. 1995) and used in bioassays.
Isolation of crystal and spore mixture from B. thuringiensis was performed according to Aptosoglou et al. (1997) , with some modifications. After incubation for 5 days at 30
• C, the bacteria were collected from nutrient agar surface. The mixture of spores and crystals was suspended in 0.5 M NaCl and centrifuged at 13,800 g for 5 min. The pellet was re-suspended with ddH2O at a concentration of 100 µg/mL.
A diet was prepared from tips of the young seedlings of Corylus sp. after peeling their outer covering. Then these tips were broken into small chips in 1.5-2 cm length. The chips were desiccated at 55
• C for 24 hours to prevent possible fungal contamination and grounded in very small particles smaller than 1 mm with industry blender and autoclaved. Each tube was filled up with this diet and saturated with 550 µL bacterial suspension and crystal-spore mixture described above. Each plastic tube was perforated to throwing out the faeces of larvae. Larvae were starved for 4 h before treatment. Each larva was placed into a plastic tube headfirst. The tubes were stored at room temperature and checked for mortality everyday, until 10 day post inoculation.
Results and discussion
There has recently been an increasing interest in finding more effective and safe biological control agents against hazardous insects. One of the best ways is to utilize the entomopathogens of harmful insect for biological control purpose. To date, no study has been performed on the determination of bacterial isolates and the investigation of biological control agents of Oberea linearis. In this study, we isolated bacteria from O. linearis larvae and determined the insecticidal effect. The number of bacteria in each larva was determined by counting the number of colonies on the plates that had been inoculated with the diluted bacterial suspensions. The total number of bacteria was found to be 7.2 ± 0.25 × 10 5 CFU/larva (n = 20) in O. linearis. Thirteen different isolates were determined based on colony morphology among the total bacterial isolates. The isolates were characterized for the morphology, spore formation, nutritional features, and physiological and biochemical characteristics. Results are summarized in Table 1 . The conventional results are usually satisfactory to make a conclusion on the identification of a new bacterial isolate. However, the more detailed identification tests are required for the characterization of some bacteria. Therefore, the identification of the isolates was also supported by API20E and Phoenix 1000A tests and 16S rRNA gene sequence analysis (Tab. 2).
After analyzing the conclusions of conventional tests, API20E tests, Phoenix 1000A tests and 16S rRNA gene sequences, we were able to identify 7 isolates at species level -Ol1 (Acinetobacter calcoaceticus), Ol2 (Enterobacter aerogenes), Ol6 (Enterobacter agglomerans), Ol8 (Pseudomonas syringae), Ol9, Ol11 (Enterobacter cancerogenus), Ol12 (Xanthomonas maltophilia), and Ol13 (Serratia marcescens); and 6 isolates at genus level -Ol3 and Ol9 (Pseudomonas sp.), Ol4 (Flavobacterium sp.), Ol5 (Microbacterium sp.), Ol7 (Xanthomonas sp.), and Ol10 (Xanthomonas sp.) (Tab. 3)
It was difficult to identify some bacteria at species level. Further studies are required to identify these iso- lates. Since these isolates did not show any insecticidal effect against their isolated host, we did not carry on the further identification tests. Acinetobacter calcoaceticus (Sramova et al. 1992 ), Enterobacter aerogenes (Bucher 1967; Sandra & Douglas 2004) , Pseudomonas sp. (Lipa & Wiland 1972; Sezen & Demirbag 1999; Sezen et al. 2004 ), Flavobacterium sp. (Hurst et al. 1999) , Enterobacter sp. (Demir et al. 2002) , Xanthomonas sp. (Lynch et al. 1976) and Serratia marcescens (Bucher 1967; Sezen & Demirbag 1999; Jackson et al. 2001; Kuzina et al. 2001; Osborn et al. 2002; Jeyaprakash et al. 2003) have also been isolated and used for biological control purpose from other insects in previous studies. However, this is the first record indicating the isolation of Microbacterium sp., Pseudomonas syringae, Enterobacter cancerogenus and Xanthomonas maltophilia bacteria from any insect. It is interesting to conclude that only Serratia marcescens showed a significant O linearis larval mortality (65%) within 10 days (Tab. 4). On the other hand, B. thuringiensis isolated from M. melolontha showed 75% mortality, while the spore mixture of this isolate caused 95% mortality within 4 days. This is the first detailed investigation of bacteria from O. linearis and some of them appear to be promising for use against this pest.
